Th e infrared sp ectra of bromochloI'omethane, dibromomethane, tribromochloI'omethane, and tetrabromomethane have been mea ured from 2 to 36 microns. By the use of the res ults of other workers in Raman spectra it has been possibl e to classify all the strong bands that have been observed. Many of the weaker bands were classified as combination a nd overtone. Only a few of the bands of tetrabromom ethane were observed , on account of t he breakin g down of the compound in solutions of carbon disulfid e and carbon tetrachloride. The in tense bands of dibromom etha ne and tetrab romomethane were measured in the vapor state. Th e infrared absorption bands of these com pounds had not prev iou ly b ee n m ea sured over an exte nd ed range of wavelength , and these meas uremen ts were under taken to d etermine t he po itions of weak bands 0 that a more complete classifi cation of the sp ectra of t hese m olecule co uld be made.
Introduction
Other workers have measured the vibrational bands of a number of substituted m ethanes in the infrared r egion, and also t h e frequ encie have b een determined by Raman spectra. From theory it ha been determined that molecules of the type of CX4 show two active and two inactive fundam entals . Wllere interaction occurs the inactive frequencie al 0 appear in the infrared spectrum. m en the sub tituted atoms are of more than one species, the degeneracy is removed and nine fundamentals are present in the spectrum. In a molecule of the type CXY3, the degeneracy is only partly removed and six fundamentals are found in the spectrum.
The four substituted methanes, bromochloromethane, dibromomethane, tribromochloromethane, and carbon tetrabromid e, represent the the three types of molecules that give nine, SL"X, and two active fundamentals in the infrared spectrum. The infrared bands of these compounds had not previously been measured over an extended range of wavelengths, and these measurements were undertaken to determine the positions of the weak Infrared Spectra of Halogenated Methanes band 0 that the combination bands co uld b e cla sified.
II. Experimental Observations
A P erkin-Elmer sp ectrometer was used for all m easurements with lithium fluoride, potassium bromide, sodium chloride, and thallium bromideiodide prisms to cover the wavelength range of 2 to 36 f.L . In the spectral region of 2 to 24 f.L , cell thicknesses of 0.2, 0.1 , and 0.05 mm were u ed to bring out most of the bands. For very strong bands the compo unds were diluted either in carbon tetrachloride or in carbon disulfide, or liq uid films with a thickness of 0.01 mm or less were formed between two potassium bromide windows. In the thallium bromide-iodide region between 24 and 36 f.L it was necessary to use cell thicknesses of 1.5 mm to bring out the weaker absorp tion bands. The method of measurement and the reducing of data have been de crib ed in a previous paper [1 ] .I Bromochloromethane, dibromomethane, and tribromo chloromethane were obtained from the Dow Chemical Company and tetrabromomethane from the Eastman Kodak Company.
Purification consisted of treatments until an examination of the products indicated satisfactory agreement with accepted physical constants. To avoid any effect of oxygen, the infrared measurements were made as quickly as possible after purifica tion. Figure 1 shows the absorption spectra of the four halogenated methane derivatives in the r egion from 2 to 15 JL . The cell thicknesses and other conditions of the measurements are given on the figure and in the captions. The intense bands were observed by use of a cell that contained a thin layer of the material. The cell was made by placing a small quantity of the liquid on a plate of potassium bromide and then pressing another plate on the top without the use of a shim. The thiclmesses of the cells made in this manner were not measured, but it is estimated that they were of th e order of 0.005 mm. This estimate of the thickness was made on the basis of the percentage absorption that was observed in a O.l-mm cell when the compound had been diluted with a transparent solvent. The reason that the thin cell was employed was to locate the position of the band accurately for the pure liquid in regions of intense absorption. In figur e 1 the portions of the absorption curves represented by broken lines indicate that small details could not be accurately determined on account of the absorption of the solvents or the absorption of atmospheric bands.
As tribromochloromethane and tetrabromomethane are solids at room temperature, their spectra were determined in solutions of carbon tetrachloride and carbon disulfide. There was a tendency for the solutions of tetrabromomethane to darken on standing, and the absorption spectrum was 
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WAVELENGTH IN MICRO NS FIGURE 1. Infrared absorption spectm of bromo chloromethane, dibromomethan e, tribromochloromethane, . and tetrabromomethane.
Tribrornochlorornetbane and tetrabromornethane were dissolved in carbon tetrachloride and carbon disulfide. The solution concentration of tribromochloromethane in carbon tetrachloride is 3.1 giml, and in carbon disulfide, 2.4 gim! for the observations in 0.2-mm celL For tbe insert bands the concentration is 0.14 gimL Saturated solutions of tetrabrornometban e were prepared in each solvent, measured immediately after their preparation. The observations were repeated several times and the same bands were always found. Since it was possible to account for all the observed bands as combinations, overtones, or fundamentals, it docs not seem probable that any of the observed bands were produced by products of decomposition or oxidation in the solution. Figure 2 shows the long wavelengt.h spec tra of the four substituted me thanes from 14 to 36 )1.. Some general absorption was observed in the pectra of bromo chloromethane and dibromomethane from 28 to 36 )1., but no definite bands could be found in this region. For the measurement of tribromochloromethane in the region of 24 to 36 )1., a saturated solu tion in methylcyclohexftn e wa used. The meth ylcyelohexane has a high transmittance in this region, and its spectrum shows only one absorption band when a cell 1.5 mm thick i used.
In figures 3 and 4 are shown some of the absorption bands of dibromomethane and tetrabromomethan e measured in the vapor state. The substances were placed in the bottom of a cell 40 em long, which was not evacuated, and allowed to remain in the cell for several hours. On rep eating the measurements 6 hours later, it was found that the bands did not increase in intensity. It is probable that th e vapors were at a saturated condition in the air of the cell at 25° C. 
III. Discussion
In table 1 are given the wavelengths and frequencies of th e observed bands. These bands have been interpreted as fundam entals, combinations, and harmonics . The numbering of the levels is in accordance with that adopted for correlation of a large numb er of molecules of different symmetries, as will be discussed in a forthcoming paper by Plyler and B enedict. Eight of th e infrared active fundamentals of bromochloromethane have been observed, and the other, occurring at 226 em-I, was outside the range of th e thallium bromide-iodide prism. In th e determination of th e combination bands for this compound th e Raman value was used from t he work 506 of W . Bach er and J. Wagner [2] . pectra, and has been observed by us in the infrared spectra as a strong band at 852 cm-I . All of the fundamental bands of dibromomethane have been observed in the infrared sp ectrum excep t )/ 4 at 174 cm-I • This value has been d etermined by Dadieu and Kohlrausch and several other workers in Raman spectra [3] . The Raman spectra for the remaining eight fundamentals check well with these observations, excep t that )/7 and )/s are found at 813 and 1,190 cm-I , respectively, in the infrared as compared to 723 and 1,133 cm-I , respectively, in the Raman spectrum as reported by Dadieu and Kohlrausch . The other observed bands, except for a few weak ones, have been classified on the basis of the nine fundamentals .
A close similarity between the spectrum of dibromomethane and of bromo chloromethane is observed. The effect of replacing the chlorine in bromochloromethane by the heavier atom bromine is to shift corresponding vibrations to longer wavelengths. The shift is observed for all frequ encies except those involving primarily C -H stretching vibrations. As can be seen from table 1 , the values of )/1 and of )/6 for the two compounds fall within 5 cm-I of each other. This difference in wavenumber is almost within the limit of experimen tal error for this region of the spectrum.
The sp ectrum of dibromomethane was also determined in the vapor state for some of the intense bands, so that a comparison could be made with th e liquid state. . The type of bands at 1,195 and 648 cm-I co uld not be determined with the prism instrumen t available. For the band at 1,190 cm-I in the liquid state there is a small shift to 1,195 cm-I in the vapor state. The other band shifted from 639 to 648 cm -1. Two of t he remaining bands located at 810 and 591 cm-I show defini te zero branches when measured in the vapor stat e. These bands have shifted from 813 and 579 cm-I , respectively, as measured in t he liquid state. The vapor band at 745 cm-I is shifted 16 cm-I from the liquid band at 729 cm-1 and may have a zero branch . The comparison of the positions of the bands in the liquid and in t he va por states shows that there is a small ch ange in the frequencies when measured in th e two different states.
Of th e six active infrared fund amentals of tribromochloromethane, only three bands, )/1 , 1'68, and )/3, were observed in the infrared region that Infrared Spectra of Halogenated Methanes was covered in these measurements. The other three fundamentals fall beyond the range of the thallium bromide-iodide pnsm. Calculation show that two of these bands, )/7 9 and 1'4, should have frequ encies at 214 and 215 cm-I , respect ivel y. The calculated values are in good agreement wit h the wavenumber of a single Raman line determined by Lecomte and coworkers [4] .
For the classification of the combination and harmonic bands, the Raman values 141 and 214 cm-I have b een used. The three fundamentals observed in the infrared ch ecked within 5 cm-1 with the Raman values of L ecomte. The differences between the infrared and Raman values may be attributed to the effect of the solvent carbon disulfide on the tribromochloromethane in producing a small shift in the bands, and also to the presence at 667 cm-I of the absorption band of atmospheric CO2, which mad e it difficult to locate accurately the posit ion of the band at 675 cm-I . The two absorption bands at 735 and 933 cm-I could not be accounted for on the basi of the fundamentals.
In comparing the fundamentals of tribromochloromethane and tetrabromomethane, it is seen that the substitution of the bromine atom for the chlorine atom reduces the number of fundamentals from six to four. Only the two threefold degenerate vibrations, )/1 68 and )/ 479 , are infr ared active. The r emaining two appear in combination. On e of th ese bands, )/1 68, wi th frequen cy 669 cm-I , was observed in the ro cksalt region. This is 4 cm -I greater than th e R aman value as determined by D adieu and K ohlrau cll [5] . This differ ence can probably be attribu ted to error of observation caused by th e pre ence at 667 cm-I of the absorption band of atmospheric CO2. The other bands in the ob erved spectrum, which ar e of low intensity, can be interpreted on the basis of the four fundamen tals. Three of the fundamentals listed in table 1 are th e R aman values determined by Dadieu and Kohlrausch.
The classification of the b ands as given in ta ble 1 accounts for most of th e observed bands. The band observed at 729 cm-I in dibromomethane was not classified and may have arisen from a small amount of bromo chloromethane tha t was presen t as an impurity. Ther e was observed an intense band in this r egion for bromo chloromethane. When the vapor of dibromomethane was m easured, the ratio of intensities of the bands at 735 cm-I and 813 cm-I were much differen t than in the liquid, and also a band at 1,233 cm-I appeared. This is near the location of another intense band of bromo chloromethane at 1,225 cm'-I as measured in the liquid state. Another sample of dibromomethane was measured that also contained these bands. According to mass spectrogr aph determinations it contained a bout 1 percen t of chlorine. It is probable that a small amount of bromochloromethan e is present in the dibromomethan e and produces the bands that do not fall in th e classifica tion scheme. On fur ther purifica tion of dibromomethane it was found that the band in the region of 13.6 jJ. (729 cm-I ) disappeared when the compound was measurcd in cells 0.1 mm thiclc Without a study of the rotational structure of these bands the molecular constants cannot b e obtain ed. Unpublished obser vations made with a differen t instrument show r esolut ion of some of t he near infrared bands of dibromomethane 508 and bromo chloromethane into a series of lines approximat ely 1.5 cm-I apart . The spacing interval is less for dibromomethane than for bromo chloromethane.
